Key indicators: single-crystal X-ray study; T = 180 K; mean (C-C) = 0.006 Å; disorder in solvent or counterion; R factor = 0.028; wR factor = 0.078; data-toparameter ratio = 14.0.
The title compound, [Ru 2 (CH 3 CO 2 ) 4 (C 6 H 4 N 2 ) 2 ]PF 6 ÁC 2 H 4 Cl 2 , was obtained via a rapid substitution reaction in 2-propanol whereby 3-cyanopyridine replaces the axial water molecules in the diaquatetra--acetato-diruthenium(II,III) hexafluoridophosphate starting material. The product rapidly precipated and crystals were grown from 1,2-dichloroethane. The 1,2-dichloroethane molecule of solvation exhibits disorder with two different orientations [occupancy ratio 0.51 (6):0.49 (6)]. All three parts, the cation, the anion and the disordered solvent molecule lie on crystallographic inversion centers. The Ru-Ru bond length of 2.2702 (6) Å fits nicely into the range seen for similar complexes and correlates well with the reduction potential of the complex and donor strength of the axial ligand, 3-cyanopyridine, as postulated in a previous study [Vamvounis et al. (2000) . Inorg. Chim. Acta, 305, [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] . The 3-cyanopyridine ligands orient themselves in an anti configuration with respect to each other and the Ru-Ru-N angle [174.27 (7) ] is close to being linear.
Related literature
For related structures and physical measurements, see: Vamvounis et al. (2000) .
Experimental
Crystal data (Vamvounis et al., 2000) . One reason to study these was to synthesize dimers with asymmetric bidendate axial donors that could act as bridges for mixed-metal metallopolymers and extended arrays (i.e. in the case of cyanopyridine adducts the pyridine end could be coordinated to a harder metal than the cyano end). The other reason was to correlate axial donor strength (as well as redox potential) with the Ru-Ru bond length.
These ligands ranged from weak donors such as water and methanol to relatively strong donors such as dimethylformamide, dimethylsulfoxide and various pyridine derivatives. Unfortunately while we were able to structurally characterize the 4-cyanopyridine adduct in the earlier paper we were unable to obtain the 3-cyanopyridine adduct. This structure is now finally reported here.
The title compound (I) (Fig. 1) can be compared to the 4-cyanopyridine adduct reported previously (Vamvounis et al., 2000) . The Ru-Ru bond lengths are 2.2702 (6) Å and 2.2741 (7) Å respectively which fits well into correlation of Ru-Ru bond length with axial ligand donor strength as outlined in the earlier paper. (i.e. the 3-cyanopyridine being the slightly weaker donor as measured electrochemically manifests a shorter Ru-Ru bond length structurally in the complex because less electron density is being donated into the metal-metal antibonding HOMO). The 3-cyanopyridine ligands are situated anti with respect to each other and the pyridine planes essentially bifurcate the planes formed by the perpendicular carboxylate groups (O-C-O), e.g. the O1-Ru1-N1-C5 torsion angle is -48.5 °.
The method of preparation of the title compound (I) was similar to the method used by (Vamvounis et al., 2000) in preparing the earlier pyridine adducts of diruthenium(II,III) tetraacetate except that a 2.1:1 ligand to metal ratio was used instead of a 4:1 ratio. For example, [Ru 2 (µ-O 2 CCH 3 ) 4 (H 2 O) 2 ](PF 6 ) (0.100 g, 0.161 mmol) was dissolved in 10 ml of 2-propanol. A 2.1-fold access of 3-cyanopyridine (0.037 g, 0.338 mmol) was added with stirring and a green precipitate formed immediately.
The solution was stirred for another 5 minutes and the olive-green product collected via suction filtration, washed with 50 ml of 2-propanol and dried in vacuo. (Yield = 0.101 g, 79%). Crystals were grown by slow evaporation from 1,2-dichloroethane.
Refinement
The structure was solved by direct methods. All non-hydrogen atoms were refined anisotropically. All H atoms were placed in geometrically calculated positions, with C-H = 0.95 (aromatic), 0.99(CH 2 ) and 0.98 (methyl) Å, and refined as riding atoms, with U iso (H) = 1.5 U eq (C) (methyl), and 1.2 U eq (other C). In addition, the methyl groups were refined with AFIX 137, which allowed the rotation of the methyl groups whilst keeping the C-H distances and X-C-H angles fixed. The supplementary materials sup-2 solvent molecule C 2 H 4 Cl 2 in the structure is disordered. It was split and refined into two parts with different orientations and with nearly equal occupancies. Figures   Fig. 1 . The molecular structure of (I), with atom labels and 50% probability ellipsoids for the non-H atoms. Solvent molecule omitted for clarity. Symmetry operator A = -x + 1, -y + 1, -z + 1; B = -x, -y + 1, -z. 
